The effect of pressure gradient on separation of supersonic compressible boundary layer is studied at two different Mach numbers of 5.0 and 6.0. Moreover, the study of constant suction effect at different locations is performed for flow at Mach number 5.0. The non-similar boundary layer equations for steady compressible flow have been solved with a potential flow velocity distribution corresponding to power law edge Mach number variation. In this study, the changes in Prandtl number and the specific heat with temperature are considered. The resulting conclusion show that the higher adverse pressure gradient is less affected by a constant suction than the lower one.
In this paper the combined effect of suction and pressure gradient on the supersonic compressible boundary layer is preformed. The prandtl number is taken as a function of the temperature; consequently, the results are more accurate from the proceeding calculations. The basic equations in FD method are directly applied without any transformation, which make it very easily. The calculations are performed at the end of the boundary layer to complete the stability of compressible boundary layer in the future research.
2-Basic equation
Continuity, momentum, and energy equations in dimensionless form for twodimensional compressible boundary layer are given respectively by: The boundary conditions for an adiabatic wall are ao F = 0, = %), ay
In the free stream, the boundary conditions are
In equation (4.4) , the subscripts e and refer to the conditions at the edge of the ouundary (dyer and the free stream values respectively, p and IA are the non dimensionat density and dynamic viscosity coefficient normalized with respect to p and [too . The dimensionless velocity components (U, Ue, and v) are normalized with respect to U0 ,Also, the dimensionless enthalpies (h, he ) are normalized with respect to hoo . The coordinates x and y are normalized with respect to a reference length L.
In the present work, it is used a certain boundary-layer edge Mach number distribution in the form,
Where c is a constant.
The edge temperature is computed using the isentropic flow relation
The edge velocity distribution Ue derived from Eqn (5)
Where Md is the desired Mach number at x = 1.0. In these calculations an initial zero pressure gradient is used for length up to x = 0.2, (see Y. H. Zurigat and a1.2 1992.). From eqns. (6.a) and (6.b), Te and ue can be put in the form:
ht,is calculated from the definition of Me at x = 0.2 , which is given by the relation, M, = Md (0.2)" , i.e. M., is dependant on n.
The adiabatic wall temperature, Tw , is calculated from the relation,
Where Pr in this relation is the taken as constant.
The viscosity coefficient and the coefficient of thermal conductivity are taken as given by Elsharnoby5(1987) . The viscosity coefficient at T >110.4 K , is calcu ated using the Southland's formula given by:
Where A refers to a dimensional quantity. For 110.4 K the viscosity temperature relation is given by : = 0.693873T x10-7 kg/ms (10) (6-a) (7-a) For the coefficient of thermal conductivity a similar formula is used, which is given by: 
3-Solution Technique
Usir g the implicit finite difference models , the equation (3) along with the boundary conditions(4) take the following form,
Re 0 e ) m n }+ (pv).
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Where,
The continuity equation is rearranged to solve for normal velocity at the next mesh point .
The momentum and energy equations are rearranged to give two tridiagonal relations; 
Equations (16), (17), and are to be solved, with the given boundary conditions in equation (4), for the new velocities and temperature. The Tridiagonal matrix algorith 7 is used. In order to carry out the numerical solution, the gas properties must be_ computed at each step. The density is calculated from the state equation. Prandtl number and temperature, the NBS table (Hilsenrath et al. All results are obtained at Re = 3000, t = 120 K, and using double precision arithmetic to attain highly accurate results.
AB n em (18)
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4-Results and Discussions
For the potential flow velocity distribution, Figs1.a and 1 b show the streamwise edge Mach number distributions for different values of n at Md = 5.0 and 6.0. The positive values of n refer to favorable pressure gradients, while, the negative values of n refer to adverse pressure gradients. As shown in these first two figures, Mo, is greater than Md for adverse pressure gradients, so it is some difficult to consider the effect of constant suction on the flow near the leading edge; consequently, the calculations could be started at x = 0.5 without arising any problem. On the other hand, the maximum value of x must be chosen such that the point of separation is not behind x = 1.0.
The velocity and temperature distributions across the boundary layer at the location ( x = 1.0 ) are shown in figures 2 and 3 for Md = 5; while, the same distributions are shown at figures 4 and 5 for Md = 6. The point of separation for Md 5 is found at n = -0.116, but n = -0.115 for Md = 6. It is noticed clearly that the boundary layer thickness increases for adverse pressure gradient and vice versa. Also BL thickness wider range for Md = 6 than that for Md = 5 at the same value of n, which acceptable to the previous resultsl.The adiabatic wall temperature increases with increasing Md , which is in consistence with results in ref. [5] .
We discuss the effect of suction that is represented by the normal dimensionless velocity component. at the wall (VW ) . Two different values of uniform suction (VW = 0.003, -0.007) at Md = 5, are considered. Figures 6, 8 , represent the velocity and temperature distributions at the locations x = 0.5, 0.53 respectively for different values of suction. The curves 1, 2 , and 3 correspond to VW = 0.0 , -0.003, and-0.007 respectively. These figures show that suction prevents the boundary layer sepa-ation, and the more suction the more acceleration in velocity and temperature. This result in decreasing of both momentum and thermal boundary layers thickness.
In Figure 7 , the curves 1,2,and 3 represents the shift in the point of separation at new locations subjects to the different suction values ( VW 0.0.-0.003, and --0.007) While, separation occurs at x = 0.5 for certain adverse pressure gradient (n = -.1332); figure 7 shows that the two non zero values of suction delay the separation in that adverse pressure (n= -0.1332) to occur at x = 0.56,0.72. There are shifts in x = 0.06, 0.22
It is clear From figure 9 that, for Md = 5 and when there is an adverse pressure gradient (n= -.0.1332), separation occurs at x = 0.5. By certain amount of suction ( v, = -0.005), the separation occurs at x = 0.63. Both momentum and thermal boundary layer thickness become greater at the new point of separation. That is because the flow is exposed to adverse pressure gradient for longer distance. On the other hand, the adiabatic wall temperature decreases due to the decrease in the edge mach number and consuming some energy from the flow by suction.
What have been said about figure 9 could be repeated for figures 10 and 11. From figure 10, the decrease in adverse pressure gradient from n = -0.1332 to n = -0.1297, the point of separation without suction is located at x = 0. 55. Applying the same suction ( vw = -0.005 ) the point of separation is shifted downward to x = 0.74 . For the last figure 11, the point of separation exists at x = 0.6 for adverse pressuire with n = -.1268. This separation point is shifted to a new location x = 0.89 when suction with (vw = -0.005) is applied. The shifts in the point of separation in figures 9, 10, 11 are respectively 0.13, 0.19, 0.29 for the same amount of suction.
The same phenomena shown in figure 9, 10 and 11 are obtained from the other calculations. For example, for Md =5 and adverse pressure (n = -0.131), the suction of Vw = -0.003, -0.007 will shift the point of separation by 0.07,0.3 respectively. These shifts of the point of separation will be equal 0.09, and 0.41, when the adverse pressure decreases ( n = -0.12905)
5-Conclusions
From the previous results we find that:
1-The adverse pressure gradient is mainly the source of boundary layer separation. 2-Suction is delaying the supersonic boundary layer separation for all adverse pressure gradients by shifting the location of the separation point downstream. 3-The shift in the location of the point of boundary layer separation increases by increasing suction. 4-The shift in the location of the point of boundary layer separation increases by decreasing the adverse pressure gradient when applying the same value of suction. 5-Supersonic boundary layer flow at higher adverse pressure gradient is less influenced by suction. 
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